Context-Approximately 60% to 100% of women with breast cancer experience at least one menopausal-related symptom. Little is known about associations between menopausal status and symptoms in women 12 months after breast cancer surgery.
INTRODUCTION
Between 65% and 100% of women with breast cancer experience at least one treatmentinduced, menopausal-related symptom. 1,2 These symptoms include: sleep disturbance, musculoskeletal pain, mood changes, vasomotor symptoms, sexual dysfunction, vaginal dryness and atrophy, cognitive impairment, headaches, weight gain, and fatigue. 3, 4 These menopausal-related symptoms are some of the most common and distressing side effects of breast cancer treatment. 2, 5 Moreover, because of abrupt changes in sex steroid hormones, these symptoms are often more frequent and severe than those experienced during a natural menopausal transition. 6 For premenopausal women, this unexpected exacerbation of symptoms can have a negative impact on their quality of life (QOL). 6, 7 The occurrence, severity, and distress from these menopausal-related symptoms vary based on a woman's menopausal status; 8-10 age; 4,11 type of cancer treatment (i.e., chemotherapy (CTX), endocrine therapy (ET)); 12,13 and time since completion of treatment; as well as demographic, health and illness, and psychosocial factors. 12 For example, following breast cancer treatment, compared to postmenopausal patients, women who were premenopausal at diagnosis reported more severe vasomotor symptoms, 14 sexual dysfunction, 15 and sleep disturbances. 14 In addition, in another study, 16 the highest menopausal-related symptom burden was reported in the first six months after the completion of primary treatment.
While, the impact of menopausal-related symptoms is well documented, 1, 2, 5, 12, [17] [18] [19] little is known about differences in the occurrence, severity, and distress of these symptoms between premenopausal and postmenopausal women one year after breast cancer surgery. The majority of these studies compared differences in the symptom experience of older versus younger women; 4, 11, 20 younger women who did or did not experience treatment-induced menopause; 1, 2, 10 and/or specific types of treatment (i.e., CTX, tamoxifen, aromatase inhibitors (AIs)). 12,13,21-24 Moreover, the majority of these studies evaluated a single symptom; a single dimension of the symptom experience; included women several years after a breast cancer diagnosis; and/or did not evaluate the impact of menopausal status on differences in patients' symptom experiences. (for reviews see 1, 3, 10 ) In fact, to our knowledge, only five studies reported on differences in menopausal-related symptoms between pre-and postmenopausal women after primary breast cancer treatment. 8, 9, 14, 15, 25 These five studies evaluated for associations between pre-diagnosis menopausal status and symptom occurrence 8, 9, 25 or severity 14, 15 in women who had received adjuvant CTX and/or ET. Two longitudinal studies evaluated symptom severity before and immediately after CTX. 28, 29 Three cross-sectional studies evaluated menopausal symptom occurrence six months 21 to several years 7,27 after diagnosis. Compared to postmenopausal patients, premenopausal women reported higher occurrence rates of hot flashes, night sweats, 8, 9, 25 vaginal dryness, and libido reduction. 8 In one study, 8 while two-thirds of the menopausalrelated symptoms were reported as severe by premenopausal women, differences in severity scores between pre-and postmenopausal women were not evaluated.
Findings from these five studies provide preliminary evidence of differences in the occurrence 8,9,25 and severity 14,15 of menopausal-related symptoms based on pre-diagnosis menopausal status. However, a number of limitations warrant consideration. These studies evaluated only a single symptom 14 and/or one dimension of the symptom experience. 8,9,14,15,25 Two studies did not include relevant covariates such as body mass index (BMI) in their analysis. 8, 25 In two studies, the assessments were done either several years after the cancer diagnosis 25 or the time since diagnosis was not reported. 8 In addition, in two studies, 14,15 the sample sizes of premenopausal women were relatively small. If differences were found in the symptom experience of pre-versus postmenopausal women after surgery, this information could be used to guide symptom management interventions.
Given the paucity of research on the association between menopausal status prior to surgery and menopausal-related symptoms after primary breast cancer treatment, the purpose of this study was to evaluate for differences in multiple dimensions of the symptom experience (i.e., occurrence, severity, distress) between pre-and postmenopausal women one year after breast cancer surgery. We hypothesized that both groups of women would report the co-occurrence of multiple menopausal-related symptoms. In addition, we hypothesized that compared to postmenopausal women, women who were premenopausal at diagnosis would report higher occurrence rates of and severity and distress ratings for vasomotor symptoms (i.e., hot flashes, night sweats, daytime sweats).
METHODS
The methods for the larger descriptive, longitudinal study that evaluated neuropathic pain and lymphedema in women who underwent breast cancer surgery are described in detail elsewhere. [26] [27] [28] [29] [30] In brief, women were recruited from seven Breast Cancer Centers in Northern California. Women were eligible if they: were ≥18 years of age; were scheduled for unilateral breast cancer surgery; were able to read, write, and understand English; agreed to participate; and provided written informed consent. Patients were excluded if they had bilateral breast surgery and/or had distant metastases at the time of diagnosis.
Instruments
Patients completed a demographic questionnaire, the Karnofsky Performance Status (KPS) scale, 31 and the Self-Administered Comorbidity Questionnaire (SCQ). 32 Menopausal status was determined by the patient's response (yes/no) at the time of study enrollment to the question "Have you gone through menopause yet (stopped having your menstrual cycle)?".
The Menopausal Symptoms Scale (MSS), that was modified from the Seattle Women's Health Study questionnaire, 33 was used to evaluate the occurrence, severity, and distress of 46 menopausal-related symptoms. Women were asked to indicate whether they experienced each symptom during the past week (i.e., symptom occurrence). If they experienced the symptom, they were asked to rate its severity and distress. Symptom severity was rated on a 0 ('none') to 10 ('intolerable') numeric rating scale (NRS). Symptom distress was rated on a 0 ('not at all distressing') to 10 ('very distressing') NRS. The MSS has well established validity and reliability. 34
Study Procedures
The study was approved by the Committee on Human Research at the University of California, San Francisco and by the Institutional Review Boards at each of the study sites. A clinician explained the study, determined the woman's willingness to participate, and introduced her to the research nurse. All patients provided written informed consent. Women completed the enrollment questionnaire an average of four days prior to surgery. For the current study, data from the KPS, SCQ, and MSS that were obtained one year after surgery were analyzed. Medical records were reviewed for disease and treatment information.
Statistical Analysis
Data were analyzed using SPSS Version 23 (IBM, Armonk, NY). Descriptive statistics and frequency distributions were generated on sample characteristics and symptom occurrence rates, severity scores, and distress scores. Using their self-reported status, women were categorized into the premenopausal and postmenopausal groups at enrollment (i.e., prior to surgery). Independent Student t-tests, Mann-Whitney U tests, Fisher Exact tests, and Chi Square analyses were used to evaluate for differences in demographic and clinical characteristics between the two menopausal groups. Characteristics that differed significantly between the menopausal groups were considered for use as potential covariates in the logistic and linear regression analyses.
As part of the evaluation of between group differences, symptom occurrence rates were generated for each symptom and mean scores for severity and distress ratings were calculated for patients who reported a symptom. Unadjusted and adjusted logistic regression analyses were used to evaluate for between group differences in symptom occurrence rates. For symptoms that occurred in ≥30% of the total sample, unadjusted and adjusted linear regression analyses were used to evaluate for between group differences in symptom severity and distress scores. First, menopausal status was entered into the regression analysis (unadjusted model). Then, characteristics that were found to be significantly different between the two menopausal groups and identified as potential covariates were added into the model along with menopausal status (adjusted model). Finally, the interaction between age and menopausal status group was evaluated. If the age by menopausal status group interaction was statistically significant, an adjusted stratified analysis was done for premenopausal and postmenopausal women. 35 The stratified analyses were done because the interaction term was significant, but the sample size was too small to generate stable combined estimates. A p-value of <.05 was considered statistically significant.
RESULTS

Differences in demographic characteristics
Of the 327 women with breast cancer who completed the 12-month assessment, 35.2% were premenopausal and 64.8% were postmenopausal prior to surgery. Compared to postmenopausal women, premenopausal women were significantly younger, were less likely to live alone, and were more likely to be employed (Table 1) .
Differences in clinical characteristics
Compared to postmenopausal women, premenopausal women had a lower SCQ score. In addition, a lower percentage of premenopausal women reported high blood pressure, diabetes, ulcer, osteoarthritis, a prior hysterectomy, a prior oophorectomy, were on HRT prior to surgery, and had external beam radiation therapy (RT) during the prior 12 months. A higher percentage of premenopausal women had a mastectomy versus conservation surgery, had breast reconstruction during the prior 12 months, received adjuvant CTX during the prior 12 months, and had undergone genetic testing for BRCA1 and BRCA2 (Table 1) .
Differences in symptom occurrence rates and total number of symptoms
Occurrence rates for the 46 symptoms on the MSS and for the top ten occurring symptoms are listed in the Supplementary Table 1 and in Table 2 , respectively. No differences were found in the total number of symptoms reported by premenopausal versus postmenopausal women. The five symptoms with the highest occurrence rates in premenopausal women were: wake during the night, hot flashes, fatigue or tiredness, difficulty falling asleep, and night sweats. While wake during the night, fatigue or tiredness and hot flashes, were among the 5 most common symptoms in the postmenopausal group, they reported two different symptoms (i.e., joint pain or stiffness and waking too early).
Unadjusted and adjusted analyses of symptoms with higher occurrence rates in premenopausal women-As shown in Table 3 , in the unadjusted models, premenopausal patients reported higher occurrence rates for eating more than usual, skin breakout/acne, hostility, weight gain, irritability, and lost sexual interest. In the multivariate analyses, after adjusting for nine covariates, no differences in these symptoms' occurrence rates were found between the two menopausal groups.
Unadjusted and adjusted analyses of symptoms with higher occurrence rates in postmenopausal women-In the unadjusted and adjusted analyses, none of the symptom occurrence rates were significantly higher in the postmenopausal group. Differences in occurrence rates for symptoms with interaction effects-As shown in Table 4 , in the unadjusted models, premenopausal women reported higher occurrence rates for hot flashes, night sweats, depression, and daytime sweats. Postmenopausal women reported higher occurrence rates for joint pain or stiffness.
In the adjusted models that evaluated seven symptoms for which significant interactions were found between age and menopausal status (i.e., hot flashes, night sweats, depression, daytime sweats, joint pain or stiffness, wake during the night, numbness or tingling), the differences in symptom occurrence rates between pre-and post-menopausal women depended on their age. In the premenopausal group, as age increased, women were significantly more likely to report depression and joint pain or stiffness. In the postmenopausal group, as age increased, women were significantly less likely to report hot flashes, night sweats, depression, daytime sweats, wake during the night, and numbness or tingling.
Differences in symptom severity scores
The severity scores for the 46 as well as for the ten symptoms with the highest mean severity scores are listed in the Supplementary Table 1 and in Table 2 , respectively. For premenopausal women, the five symptoms with the highest severity scores were: cramps, diarrhea, lost sexual interest, fatigue or tiredness, and mood swings. While lost sexual interest and cramps were among the five most severe symptoms in the postmenopausal group, they reported three different symptoms (i.e., abdominal bloating, vaginal dryness, hot flashes).
Unadjusted and adjusted analyses of symptoms with higher severity scores in premenopausal women-As shown in Table 5 , in the unadjusted models for symptoms that occurred in >30.0% of the sample, premenopausal women reported higher symptom severity scores for impatience and irritability. In the adjusted analysis, premenopausal women reported higher symptom severity scores for fatigue.
Unadjusted and adjusted analyses of symptoms with higher severity scores in postmenopausal women-In the unadjusted and adjusted analyses, none of the severity scores were significantly higher in the postmenopausal group.
Differences in symptom distress scores
The distress scores for the 46 symptoms, as well as for the ten symptoms with the highest mean distress scores, are listed in the Supplementary Table 1 and in Table 2 , respectively. For premenopausal women, the five symptoms with the highest distress scores were: weight gain, diarrhea, swollen hands/feet, hostility, and tearful/crying spells. While weight gain was one of the five most distressing symptoms in the postmenopausal women, they reported four different symptoms (i.e., lost sexual interest, cramps, abdominal bloating, eating more than usual).
Unadjusted and adjusted analyses of symptoms with higher distress scores in premenopausal women-As shown in Table 5 , in the unadjusted analyses for symptoms that occurred in >30% of the sample, premenopausal women reported higher distress scores for impatience. In the adjusted analyses, none of the distress scores were significantly higher in premenopausal women.
Unadjusted and adjusted analyses of symptoms with higher distress scores in postmenopausal women-In the unadjusted and adjusted analyses, none of the symptom distress scores were significantly higher in the postmenopausal women.
DISCUSSION
This study is the first to describe associations between preoperative menopausal status and symptom occurrence, severity, and distress in women one year after breast cancer surgery. Consistent with previous studies, 1,2,4,36 our first hypothesis was supported. All women, regardless of menopausal status, reported an average of 11 co-occurring symptoms (range of 0 to 38). Our second a priori hypothesis was only partially supported. After accounting for multiple demographic, clinical, and treatment characteristics, the relationship between menopausal status and the occurrence rates for vasomotor symptoms was dependent on women's age. In terms of severity, fatigue was the only symptom that was more severe in premenopausal women. Of note, no differences in symptom distress ratings were found between the menopausal groups.
Findings from this study have a number of clinical implications. For example, our findings suggest that women who used HRT prior to their breast cancer diagnosis were two to three times more likely to report vasomotor symptoms even one year after stopping the medication. Therefore, previous use of HRT should be assessed as part of survivorship care. Given the large number of symptoms and dimensions evaluated, the discussion will focus primarily on significant differences in symptom dimensions found between pre-and postmenopausal women and the interaction of age and menopausal status.
Symptom Occurrence
Differences in the occurrence of symptoms with interaction effects-One of the strengths of this study is that for each of the symptoms, after controlling for clinically meaningful characteristics, the interaction between menopausal status and age was evaluated. For example, significant interactions were found between age and menopausal status for all three vasomotor symptoms (i.e., hot flashes, night and daytime sweats). While this specific interaction was not reported previously, relative to younger and older premenopausal women, it is common for older premenopausal and younger postmenopausal women to report vasomotor symptoms. 36, 37 Similarly, in our study, as premenopausal women aged, they were 25% to 48% less likely to report vasomotor symptoms. However, contrary to previous findings, 1 as premenopausal women's age increased, they did not report higher occurrence rates for vasomotor symptoms. Our sample size may have been too small to detect the effects of age on the occurrence of hot flashes in our premenopausal women.
While the occurrence of nighttime awakenings was the most common symptom in both preand postmenopausal women, a significant interaction was found between menopausal status and age. While no studies evaluated for interaction effects, in previous reports, pre-and postmenopausal women differed on post-treatment occurrence rates for restless sleep 10 and insomnia. 8 Moreover, consistent with prior reports, 15 none of the other covariates in the multivariate analysis predicted variations in the occurrence of wake during the night. Given the high occurrence rates of nighttime awakenings in women with and without breast cancer, the causes for this symptom warrant additional investigation so that appropriate interventions can be prescribed. 15 Numbness and tingling are associated with the neurotoxic effects of CTX. 38 Therefore, it is not surprising that women in our study who were treated with CTX in the past 12 months were 2.5 times more likely to report this symptom. Given that numbness and tingling can be related to hormonal changes during menopause 39 and/or the neurotoxicity of CTX, 38 the etiology of these symptoms warrant evaluation in future studies.
Symptom Severity
Fatigue was the only symptom that was more severe in premenopausal women and in women with a higher level of comorbidity. Consistent with a previous report, 40 premenopausal women were more likely to report the occurrence as well as more severe fatigue after CTX and during the first three years of hormone therapy. Given that fatigue is common, moderately severe, persists over time, 19 and may be associated with a higher symptom burden, 41 it warrants ongoing assessment and management.
While we hypothesized that premenopausal women would report higher severity scores for vasomotor symptoms, our findings are not consistent with previous reports. In previous studies, compared to postmenopausal women with breast cancer, premenopausal women reported more severe vasomotor symptoms 15 and hot flashes 14 after CTX and were more likely to report severe hot flashes while taking tamoxifen. 25 These inconsistent findings may be related to differences in how symptoms were assessed and categorized, the timing of the assessments, and failure to control for significant covariates in the analyses.
The ranking of the five most severe symptoms differed by menopausal group. Moreover, regardless of menopausal status, the ten most severe symptoms were in the moderate severity range. In fact, for the entire sample, using a moderate cutoff score of >4.0, 42 13 of the 46 symptoms were in the moderate to severe range. A survivorship care plan, that includes aggressive symptom management interventions, is warranted after surgery to prevent the escalation of symptoms during the subsequent year.
Symptom Distress
No between group differences in symptom distress scores were identified. In contrast, previous reports suggested that younger women were more bothered by menopausal symptoms than older women. 21,43-45 For example, compared to women older than 60, younger women reported that vasomotor symptoms, vaginal symptoms, and weight problems were more bothersome. 21 However, the influence of menopausal status was not evaluated in this study.
In our study, the analysis of severity and distress ratings included only those women who reported the occurrence of the symptom. The exclusion of women who did not experience the symptom provides a more accurate evaluation of the impact of each symptom. 3 However, in most of the previous studies, the analyses included women who did not have the symptom. In addition, one of the most common instruments used to evaluate menopausalrelated symptoms in breast cancer patients is the Breast Cancer Prevention Trial (BCPT) checklist. 4, 46 The BCPT assesses "bother" using a 0 "not at all" to 4 "extremely" Likert scale. While this instrument is valid and reliable, 46 the term "bother" is used interchangeably with "severity", 10,21 "intensity", 47 and "distress". 48 These differences make comparisons of severity and distress scores across studies difficult.
Similar to severity, the rankings of the five most distressing symptoms differed by menopausal status. Regardless of menopausal status, many of the ten most distressing symptoms were in the moderate range. While both menopausal groups reported approximately 11 symptoms, premenopausal women reported a higher number of distressing symptoms. This difference highlights the importance of comprehensive assessments of all symptom dimensions in women after breast cancer treatment.
Limitations
Several limitations warrant consideration. The woman's self-report of menopausal status at diagnosis was used to create the two groups. Moreover, the inclusion of five women who were on HRT in the premenopausal group suggests that some women may have been perimenopausal. While the gold standard for determining menopausal status includes an assessment of menstrual cycle, hormonal levels, and symptoms, 49 previous studies support the validity and reliability of self-report. 18,50 Moreover, while menopausal status was not reevaluated at 12 months, this study's aim was to compare pre-surgical menopausal status and women's symptom experience at 12 months after surgery. In addition, testing for interactions between age and menopausal status accounted for variations between younger and older pre-and postmenopausal women. Some of the symptoms on the MSS (e.g., cramps) may be interpreted differently by pre-(i.e., menstrual cramps) versus post-(i.e., gastrointestinal cramps) menopausal women. Lastly, the majority of women in this study was Caucasian and well educated, which limits the generalizability of our findings.
Implications for Clinical Practice and Research
Regardless of menopausal status, at one year following surgery, our patients experienced multiple co-occurring symptoms that were in the moderate to severe range for both severity and distress. Moreover, similar to previous reports of women after breast cancer treatment, 2,10,11 the occurrence of menopausal-related symptoms varied based on menopausal status, as well as demographic (e.g., age), clinical (e.g., level of comorbidity), and treatment (e.g., prior HRT use, receipt of adjuvant CTX in prior 12 months) characteristics. Of note, all of the differences in symptom occurrence rates depended on the interaction between age and menopausal status. Accordingly, both characteristics warrant consideration during the assessment of symptom burden. Given that these menopausal symptoms negatively impact women's well-being after primary breast cancer treatment, assessment and education prior to and during therapy may help manage expectations of symptom burden over time. Findings from this study can be used by clinicians to focus their assessments and individualize patient education and interventions.
Given the various etiologies for menopausal-related symptoms, longitudinal evaluations of how symptoms change from pre-to post-treatment are warranted. These time-sensitive evaluations may identify other causal associations between menopausal status and symptom burden (e.g., pre-surgical anxiety). Moreover, studies of the inter-relationships among symptoms (i.e., symptom clusters) using multiple dimensions of the symptom experience are warranted. Increased information on menopausal symptom clusters could be used to support future studies on the common and distinct mechanisms that underlie these symptom clusters, well as interventions to manage single and multiple menopausal-related symptoms.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Table 2 Differences between premenopausal and postmenopausal women in rankings of symptoms with the highest occurrence, severity, and distress ratings 12 months after breast cancer surgery Abbreviation: SD = standard deviation + Symptom severity scores ranged from 0 (none) to 10 (intolerable).
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++ Symptom distress scores ranged from 0 (not at all distressing) to 10 (very distressing).
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